SCAN TEST CONTROL METHOD AND SCAN TEST CIRCUIT 



Field of the Invention 

[0001] The present invention relates to a scan test control method and a scan 

test circuit for detecting a stuck-at fault and a delay fault that occur in a 
semiconductor integrated circuit. 

Background of the Invention 

[0002] In recent years, it has become possible to integrate several millions of 

transistors in one chip, as semiconductor fine-patterning techniques have progressed. 
As one of test methods for such semiconductor integrated circuit, there is a scan test 
that ensures an extremely high rate of fault detection. 

[0003] Figure 1 8 is a block diagram illustrating a conventional scan test 

circuit. In figure 18, the scan test circuit comprises external input terminals 111, 
1 12, and 1 14, a combination circuit 118, normal data lines 1 19-121, an external 
output terminal 124, and a scan chain having n (n > 1) pieces of scan storage 
elements. The scan test circuit shown in figure 18 has three (n = 3) scan storage 
elements 125—127. Further, the scan test circuit has an output data line 122 of the 
scan storage element 125, and an output data line 123 of the scan storage element 
126. 

[0004] The external input terminal 111 receives a scan selection external 

signal for switching between normal operation and scan operation. The external 
input terminal 112 receives scan-in data. The external input terminal 114 receives a 
test clock. The scan storage elements 125-127 hold and output the data in 
synchronization with the rising edge of the test clock inputted to the external input 
terminal 114. The external output terminal 124 outputs the output data of the scan 
storage element 127. The combination circuit 118 receives the data from the output 
data lines 122 and 123, and outputs the data to the normal data lines 119-121. The 
scan test circuit shown in figure 18 tests the combination circuit 118. 
[0005] Figure 1 9 is a circuit diagram illustrating a concrete example of the 

scan storage elements 125-127. In figure 19, the scan storage element comprises a 
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selector circuit 1, a scan selection signal input terminal 2, a normal data input 
terminal 3, a scan-in input terminal 4, a scan clock input terminal 5, a storage 
element 6, and an output terminal 7. 

[0006] The normal data input terminal 3 receives normal data. The scan-in 

input terminal 4 receives scan-in data. The scan clock input terminal 5 receives a 
scan clock. The scan selection signal input terminal 2 receives a scan selection 
external signal that is described later. The selector circuit 1 receives the normal data, 
the scan-in data, and the scan selection external signal, and outputs the normal data 
when the scan selection external signal is M 0" 5 or outputs the scan-in data when the 
scan selection external signal is "1". The storage element 6 holds and outputs the 
output signal of the selector circuit 1 in synchronization with the rising edge of the 
scan clock inputted to the scan clock input terminal 5. The output terminal 7 outputs 
the signal that is outputted from the storage element 6, to the outside. 
[0007] Figure 20 is a time chart for explaining the operation of the scan test 

circuit constituted as described above. In figure 20, reference numerals 1200-1204 
denote scan-in data inputted to the external input terminal 112, numerals 
1210—1212, 1250 and 1251 denote normal data on the normal data line 1 19, 
numerals 1220-1222, 1260 and 1261 denote normal data on the normal data line 
120, numerals 1230-1232, 1270 and 1271 denote normal data on the normal data 
line 121, numeral 1 198 denotes initial data that is stored in the scan storage element 
127 during scan operation, and numeral 1 199 denotes initial data that is stored in the 
scan storage element 126 during scan operation. Further, reference numerals 
350-355 indicate event timings. Other reference numerals denote the waveforms of 
signals at the signal lines and external terminals corresponding to the reference 
numerals shown in figure 18. 

[0008] Hereinafter, the operation of the scan test circuit will be described 

with reference to figures 1 8—20. When the scan selection external signal inputted to 
the external input terminal 1 1 1 is "0", the scan storage elements 125-127 are in the 
normal operation mode, and perform the normal operation. That is, these elements 
serve as normal storage elements. To be specific, in synchronization with the rising 
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edge of the test clock inputted to the external input terminal 114, the scan storage 
element 125 holds and outputs the normal data supplied from the normal data line 
119, the scan storage element 126 holds and outputs the normal data supplied from 
the normal data line 120, and the scan storage element 127 holds and outputs the 
normal data supplied from the normal data line 121. 

[0009] When the scan selection external signal inputted to the external input 

terminal 1 1 1 is "1", the scan storage elements 125-127 are in the scan mode, and 
perform the scan operation. That is, these elements serve as storage elements 
performing scan operation. To be specific, in synchronization with the rising edge of 
the test clock inputted to the external input terminal 1 14, the scan storage element 
125 holds and outputs the scan-in data inputted to the external input terminal 112, 
the scan storage element 126 holds and outputs the output data of the scan storage 
element 125, and the scan storage element 127 holds and outputs the output data of 
the scan storage element 126. 

[0010] Since the scan selection external signal is "1" at the event timing 350, 

the scan storage elements 125-127 are in the scan mode. In synchronization with 
the rising edge of the test clock, the scan storage element 125 holds and outputs the 
scan-in data 1201 inputted to the external input terminal 112, the scan storage 
element 126 holds and outputs the output data 1200 of the scan storage element 125, 
and the scan storage element 127 holds and outputs the output data 1 199 of the scan 
storage element 126. The external output terminal 124 outputs the output data 1 199 
of the scan storage element 127. 

[001 1] Since the scan selection external signal is " 1 " at the event timing 351, 

the scan storage elements 125-127 are in the scan mode. In synchronization with 
the rising edge of the test clock, the scan storage element 125 holds and outputs the 
scan-in data 1202 supplied from the external input terminal 112, the scan storage 
element 126 holds and outputs the output data 1201 of the scan storage element 125, 
and the scan storage element 127 holds and outputs the output data of the scan 
storage element 126. The external output terminal 124 outputs the output data 1200 
of the scan storage element 127. 



[0012] The scan selection external signal transits to "0" at the event timing 

352, and the scan storage elements 125-127 are switched into the normal operation 
mode. 

[0013] At the event timing 353, in synchronization with the rising edge of 

the test clock, the scan storage element 125 holds and outputs the normal data 1212 
supplied from the normal data line 119, the scan storage element 126 holds and 
outputs the normal data 1222 supplied from the normal data line 120, and the scan 
storage element 127 holds and outputs the normal data 1232 supplied from the 
normal data line 121. The external output terminal 124 outputs the output data 1232 
of the scan storage element 127. 

[0014] At the event timing 354, the scan selection external signal transits to 

"1", and the scan storage elements 125-127 are switched into the scan mode. 
[0015] At the event timing 355, in synchronization with the rising edge of 

the test clock, the scan storage element 125 holds and outputs the scan-in data 1204 
supplied from the external input terminal 112, the scan storage element 126 holds 
and outputs the output data 1212 of the scan storage element 125, and the scan 
storage element 127 holds and outputs the output data 1222 of the scan storage 
element 126. The external output terminal 124 outputs the output data 1222 of the 
scan storage element 127. 

[0016] As described above, according to the conventional scan test circuit 

and scan test control method, in the scan test circuit having the scan chain including 
the n pieces of scan storage elements (n: integer, n>0), the scan-in data are set in the 
scan storage element 125-127 in the scan mode, and the normal data outputted from 
the combination circuit 1 1 8 in the normal operation mode are stored in the scan 
storage elements 125-127, respectively, and then the normal data stored in the scan 
storage elements 125-127 in the scan mode are shifted-in and outputted to the 
outside through the external output terminal 124 (scan out) to be observed, thereby 
detecting a fault in the semiconductor integrated circuit (for example, refer to 
"Design of Testable Logic Circuit", written by R. G. Bennett, translated by Akemi 
Harada). 



[0017] In the conventional scan test circuit and scan test control method, the 

scan-in data and the scan selection signal must be directly input to the scan storage 
elements in the semiconductor integrated circuit from the outside of the 
semiconductor integrated circuit. Therefore, the rate of data flow is determined at 
the I/O of the semiconductor integrated circuit and, as the result, the scan test cannot 
be carried out at the normal operation speed. Accordingly, in a semiconductor 
integrated circuit that ensures a high-speed frequency, the conventional scan test 
circuit and scan test control method cannot detect a delay fault that depends on the 
frequency while they can detect a stuck-at fault that does not depend on the 
frequency. 

Summary of the Invention 

[0018] The present invention is made to solve the above-described problems 

and has for its object to provide a scan test circuit and a scan test control method that 
are able to detect not only a stuck-at fault but also a delay fault even when shift-in 
data and a scan selection external signal are supplied from the outside of a 
semiconductor integrated circuit as in the conventional scan test circuit and scan test 
control method. 

[0019] Other objects and advantages of the invention will become apparent 

from the detailed description that follows. The detailed description and specific 
embodiments described are provided only for illustration since various additions and 
modifications within the scope of the invention will be apparent to those of skill in 
the art from the detailed description. 

[0020] According to a first aspect of the present invention, there is provided 

a scan test control method for a scan test circuit having a scan chain including n 
pieces of scan storage elements (n: integer, n>l), wherein a frequency of a first clock 
to be used for shifting data into the first to (n-l)th scan storage elements, and a 
frequency of a second clock to be used for shifting data into the n-th scan storage 
element and performing normal operation, are independently controlled. Therefore, 
it is possible to realize compatibility between a stable scan operation of inputting 



shift-in data into the scan storage elements and a normal operation, which results in 
effective detection of a delay fault as well as effective detection of a stuck-at fault in 
a semiconductor integrated circuit. 

[0021] According to a second aspect of the present invention, in the scan test 

control method according to the first aspect, the frequency of the first clock and the 
frequency of the second clock are different from each other. 

[0022] According to a third aspect of the present invention, in the scan test 

control method according to the first aspect, the frequency of the second clock is a 
clock frequency to be used in the normal operation. 

[0023] According to a fourth aspect of the present invention, there is 

provided a scan test circuit comprising: a scan chain having n pieces of scan storage 
elements (n: integer, n>l); a scan clock generation circuit for receiving first and 
second clocks, and outputting one of the first clock and the second clock as a scan 
clock for operating the plural scan storage elements; and a selection circuit for 
selecting the first clock as the scan clock to be used for shifting data into the first to 
(n-l)th scan storage elements, and selecting the second clock as the scan clock to be 
used for shifting data into the n-th scan storage element and performing normal 
operation. Therefore, it is possible to realize compatibility between a stable scan 
operation of inputting shift-in data into the scan storage elements and a normal 
operation, which results in effective detection of a delay fault as well as effective 
detection of a stuck-at fault in a semiconductor integrated circuit. 
[0024] According to a fifth aspect of the present invention, the scan test 

circuit according to the fourth aspect further includes a scan selection signal 
generation circuit which receives, from the outside, a scan selection external signal 
for switching between normal operation and scan test operation, and generates a scan 
selection internal signal for selectively switching between normal operation and 
operation for shifting data into the plural scan storage elements in synchronization 
with the second clock. 



[0025] According to a sixth aspect of the present invention, in the scan test 

circuit according to the fifth aspect, the scan selection signal generation circuit 
generates a control signal for generating an arbitrary number of the second clocks. 
[0026] According to a seventh aspect of the present invention, in the scan 

test circuit according to the sixth aspect, the scan selection signal generation circuit 
switches between a first timing at which the scan clock generation circuit generates 
the second clock as the scan clock, and a second timing at which the scan selection 
internal signal is generated. 

[0027] According to an eighth aspect of the present invention, in the scan test 

circuit according to the seventh aspect, the scan selection signal generation circuit 
arbitrarily selects one of the first timing and the second timing. 
[0028] According to a ninth aspect of the present invention, in the scan test 

circuit according to the eighth aspect, a storage element is provided in front of the 
scan chain. Therefore, the data stored in the scan storage elements during the normal 
operation become identical to those stored during the conventional scan test, 
whereby the shift- in data in the conventional scan test can be scan-tested as they are. 
Further, the detection rate of stuck-at fault in a semiconductor integrated circuit can 
be equal to that in the conventional scan test. 

[0029] According to a tenth aspect of the present invention, in the scan test 

circuit according to the ninth aspect, when generating a scan test pattern, the scan 
clock generation circuit is replaced with a circuit that connects a terminal to which 
the first clock is input, directly to a signal line from which the scan clock is output; 
the scan selection signal generation circuit is replaced with a circuit that connects a 
terminal to which the scan selection external signal is input, directly to a signal line 
from which the scan selection internal signal is output; and the storage element is 
replaced with a circuit that connects a signal line to which data in the storage 
element is input, directly to a signal line from which the data is output. Therefore, 
even when there is a scan design protocol defining that a scan selection external 
signal supplied from the outside of a semiconductor integrated circuit must be the 
same as a scan selection internal signal, and scan-in data supplied from the outside 



of the semiconductor integrated circuit and scan-in data inputted to scan storage 
elements must be synchronized with each other by a single clock, it is possible to 
generate a scan test pattern without infringing the scan design protocol, which results 
in effective detection of a delay fault as well as effective detection of a stuck-at fault 
in the semiconductor integrated circuit. 

[0030] According to an eleventh aspect of the present invention, there is 

provided a scan test control method for a scan test circuit comprising a first block 
having a first scan test circuit that operates in synchronization with first and second 
clocks, and a second block having a second scan test circuit that is synchronized 
with only the first clock, wherein the normal operation time of the scan test in the 
first block is different from the normal operation time of the scan test in the second 
block. Therefore, passing of desired data between the first block and the second 
block becomes possible, whereby the first block and the second block can be 
simultaneously subjected to scan test, and further, a stuck-at fault between the first 
block and the second block can also be detected. 

[0031] According to a twelfth aspect of the present invention, there is 

provided a scan test circuit having a first block having a first scan test circuit that 
operates in synchronization with first and second clocks, and a second block having 
a second scan test circuit that is synchronized with only the first clock, and the scan 
test circuit comprises: a plurality of first storage elements synchronized with the first 
clock; a plurality of second storage elements synchronized with the first and second 
clocks; and a selection circuit for selecting either a first path between the plural first 
storage elements and the second block, or a second path between the plural second 
storage elements and the first block, as a path for passing data from the first block to 
the second block; wherein the first storage elements, second storage elements, and 
selection circuit are provided between the first block and the second block. 
Therefore, passing of desired data between the first block and the second block 
becomes possible, whereby the first block and the second block can be 
simultaneously subjected to scan test, and further, a stuck-at fault between the first 
block and the second block can also be detected. 



[0032] According to a thirteenth aspect of the present invention, in the scan 

test circuit according to the twelfth aspect, the plurality of first storage elements and 
the plurality of second storage elements are a plurality of controllable scan storage 
elements for controlling a signal inputted to the second block, or a plurality of 
monitor storage elements for holding a signal outputted from the first block. 
[0033] According to a fourteenth aspect of the present invention, in the scan 

test circuit according to the thirteenth aspect, the plurality of monitor storage 
elements are constituted by a single monitor storage element. 
[0034] According to a fifteenth aspect of the present invention, in the scan 

test circuit according to the fourteenth aspect, the selection circuit is replaced with a 
circuit which separates the first path from the second path, when generating a scan 
test pattern. Therefore, between the first block and the second block, a scan test 
pattern can be generated for each of the first path between the storage elements 
which are synchronized with the first clock, and the second path between the storage 
elements which are synchronized with the scan clock generated by the scan clock 
generation means, and the scan test using the scan test control method or the scan 
test circuit according to any of the eleventh to fourteenth aspects can be carried out 
using the scan pattern thus generated. 

Brief Description of the Drawings 

[0035] Figure 1 is a block diagram illustrating a scan test circuit according to 

a first embodiment of the present invention. 

[0036] Figure 2 is a block diagram illustrating a concrete example of a scan 

control circuit according to the first embodiment. 

[0037] Figure 3 is a block diagram illustrating a concrete example of a scan 

selection internal signal generation circuit according to the first embodiment. 
[0038] Figure 4 is a block diagram illustrating a concrete example of a scan 

clock generation circuit according to the first embodiment. 

[0039] Figure 5 is a block diagram illustrating a concrete example of an m- 

stage shift register (m=l) according to the first embodiment. 
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[0040] Figure 6 is a block diagram illustrating a concrete example of an 

m+2-stage shift register (m=l) according to the first embodiment. 
[0041] Figure 7 is a timing chart illustrating the operation of the scan test 

circuit according to the first embodiment. 

[0042] Figure 8 is a flowchart for explaining a scan test control method 

according to the first embodiment. 

[0043] Figure 9 is a block diagram illustrating a concrete example of a circuit 

construction in which the scan selection internal signal generation circuit according 
to the first embodiment can select plural generation timings of a normal operation 
clock mask signal. 

[0044] Figure 10 is a block diagram of a scan test circuit according to a 

second embodiment of the present invention. 

[0045] Figure 1 1 is a timing chart illustrating the operation of the scan test 

circuit according to the second embodiment. 

[0046] Figure 12 is a block diagram illustrating the state where a scan control 

circuit and storage elements in a scan test circuit according to a third embodiment of 
the present invention are replaced with a replacement circuit. 
[0047] Figure 13 is a block diagram illustrating the scan test circuit 

indicating the problem of the second embodiment. 

[0048] Figure 14 is a timing chart illustrating the operation of the scan test 

circuit indicating the problem of the second embodiment. 

[0049] Figure 1 5 is a block diagram illustrating a scan test circuit according 

to a fourth embodiment of the present invention. 

[0050] Figure 16 is a timing chart illustrating the operation of the scan test 

circuit according to the fourth embodiment. 

[0051] Figure 1 7 is a diagram in which the selector circuit of the scan test 

circuit according to the fourth embodiment is replaced with another circuit, 
according to a fifth embodiment of the present invention. 

[0052] Figure 1 8 is a block diagram illustrating the conventional scan test 

circuit. 



[0053] Figure 19 is a block diagram illustrating a concrete example of a scan 

storage element of the conventional scan test circuit. 
[0054] Figure 20 is a timing chart illustrating the operation of the 

conventional scan test circuit. 

PREFERRED EMBODIMENTS OF THE PRESENT INVENTION 
[0055] Hereinafter, preferred embodiments of the present invention will be 

described with reference to the drawings. 
(Embodiment 1) 

[0056] Figure 1 is a block diagram illustrating a scan test circuit according to 

a first embodiment of the present invention. In figure 1 , the scan test circuit 
comprises external input terminals 1 1-14, a scan control circuit 15, a scan selection 
internal signal line 16, a scan clock signal line 17, a combination circuit 18, normal 
data lines 19-21, an external output terminal 24, and a scan chain having n (n>l) 
pieces of scan storage elements. The scan test circuit shown in figure 1 includes 
three (n=3) pieces of scan storage elements 25-27. Further, it includes an output 
data line 22 of the scan storage element 25, and an output data line 23 of the scan 
storage element 26. 

[0057] The external input terminal 1 1 receives a scan selection external 

signal. The external input terminal 12 receives scan-in data. The external input 
terminal 13 receives a normal operation clock. The external input terminal 14 
receives a test clock. The scan control circuit 15 receives the scan selection external 
signal from the external input terminal 11, the normal operation clock from the 
external input terminal 13, and the test clock from the external input terminal 14, and 
generates a scan selection internal signal for switching the operation mode of the 
scan storage elements between the normal operation mode and the scan mode, and a 
scan clock that is an operation clock for the scan storage elements. Then, the scan 
selection internal signal is output to the scan selection internal signal line 16, and the 
scan clock is output to the scan clock signal line 17. The scan storage elements 25 
27 hold and output the data in synchronization with the rising edge of the scan clock 
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that is generated by the scan control circuit 15. The external output terminal 24 
outputs the output data of the scan storage element 27 to the outside. The 
combination circuit 18 receives the data from the output data lines 22 and 23, and 
outputs the data to the normal data lines 19-21. The scan test circuit shown in figure 
1 tests the combination circuit 18. 

[0058] Figure 2 is a block diagram illustrating a concrete example of the scan 

control circuit 15 shown in figure 1. The same reference numerals as those shown in 
figure 1 denote the same or corresponding parts. In figure 2, the scan control circuit 
1 5 is provided with a scan selection internal signal generation circuit 3 1 , a normal 
operation clock mask signal line 32, an output signal line 42, and a scan clock 
generation circuit 33. 

[0059] The scan selection internal signal generation circuit 3 1 receives the 

scan selection external signal from the external input terminal 1 1 , the normal 
operation clock from the external input terminal 13, and the test clock from the 
external input terminal 14, and generates a scan selection internal signal and a 
normal operation clock mask signal. Then, the scan selection internal signal 
generation circuit 31 outputs the scan selection internal signal to the scan selection 
internal signal line 16 and to the output signal line 42, and outputs the normal 
operation clock mask signal to the normal operation clock mask signal line 32. The 
scan clock generation circuit 33 receives the scan selection external signal from the 
external input terminal 1 1, the normal operation clock from the external input 
terminal 13, the test clock from the external input terminal 14, the normal operation 
clock mask signal from the normal operation clock mask signal line 32, and the scan 
internal selection signal from the output signal line 42, generates a scan clock as an 
operation clock for the scan storage elements 25 27, and outputs the scan clock to 
the scan clock signal line 17. 

[0060] Figure 3 is a block diagram illustrating a concrete example of the scan 

selection internal signal generation circuit 3 1 shown in figure 2. The same reference 
numerals as those shown in figure 2 denote the same or corresponding parts. In 
figure 3, the scan selection internal signal generation circuit 31 comprises a storage 
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element 41, an output signal line 42 of the storage element 41, an inverter circuit 44, 
an output signal line 43 of the inverter circuit 44, an m-stage shift register 45 (m>0), 
an (m+2)-stage shift register 46 (m>0), an output signal line 47 of the m-stage shift 
register 45, an output signal line 48 of the (m+2)-stage shift register 46, an EXNOR 
circuit 49, a latch circuit 50, an output signal line 52 of the EXNOR circuit 49, a 
normal operation mask signal line 32, a storage element 51, an output signal line 53 
of the storage element 51, and an OR circuit 54. 

[0061] The storage element 41 holds and outputs a scan selection external 

signal inputted to the external input terminal 1 1, in synchronization with the rising 
edge of the test clock received by the external input terminal 14. The m-stage shift 
register 45 holds the signal supplied from the output signal line 42, in 
synchronization with the rising edge of the normal operation clock inputted to the 
external input terminal 13. The EXNOR circuit 49 outputs a signal "1" when the 
signal from the output signal line 47 matches the signal from the output signal line 
48, and outputs a signal "0" when these signals do not match. The latch circuit 50 
outputs the signal supplied from the output signal line 52 as it is at the falling edge 
of the normal operation clock received by the external input terminal 13, and holds 
the signal supplied from the output signal line at the rising edge of the normal 
operation clock. The normal operation mask signal line 32 is a signal line for 
outputting the output signal of the latch circuit 50 as a normal operation mask signal. 
The storage element 5 1 holds a signal that is obtained by inverting the logic value of 
the signal from the normal operation mask signal line 32, in synchronization with the 
falling edge of the normal operation clock received by the external input terminal 13. 
The OR circuit 54 receives the signal from the output signal line 47 and the signal 
from the output signal line 53, and outputs them to the scan selection internal signal 
line 16. 

[0062] Figure 4 is a block diagram illustrating a concrete example of the scan 

clock generation circuit 33 shown in figure 2. In figure 4, the same reference 
numerals as those shown in figures 2 and 3 denote the same parts. The scan clock 
generation circuit 33 is provided with AND circuits 61 and 63, an output signal line 
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62 of the AND circuit 61, an output signal line 64 of the AND circuit 63, and a 
selector circuit 65. 

[0063] The AND circuit 61 receives the normal operation clock from the 

external input terminal 13, and the normal operation mask signal from the normal 
operation mask signal line 32, and outputs a normal operation clock. The AND 
circuit 63 receives the test clock from the external input terminal 14, and the scan 
selection external signal from the external input terminal 1 1 , and outputs the test 
clock. The selector circuit 65 outputs, as a scan clock, the normal operation clock 
supplied from the output signal line 62, to the scan clock signal line 17, when the 
signal supplied from the output signal line 42 is "0", and outputs the test clock 
supplied from the output signal line 64, to the scan clock signal line 17, when the 
signal supplied from the output signal line 42 is 11 1". 

[0064] Figure 5 is a block diagram illustrating a concrete example of the m- 

stage shift register shown in figure 3. In figure 5, the same reference numerals as 
those shown in figure 3 denote the same or corresponding parts. In figure 5, the m- 
stage shift register 45 is provided with a storage element 70 which holds the signal 
from the output signal line 42 and outputs it to the output signal line 47, in 
synchronization with the rising edge of the normal operation clock inputted to the 
external input terminal 13. 

[0065] Figure 6 is a block diagram illustrating a concrete example of the 

(m+2)-stage shift register shown in figure 3. The same reference numerals as those 
shown in figure 3 denote the same parts. In figure 6, the (m+2)-stage shift register 
46 has storage elements 71-73. The storage element 71 holds and outputs the signal 
from the output signal line 43 in synchronization with the rising edge of the normal 
operation clock inputted to the external input terminal 13. The storage element 72 
holds and outputs the output signal of the storage element 71 in synchronization with 
the rising edge of the normal operation clock. The storage element 73 holds the 
output signal of the storage element 72 and outputs it to the output signal line 48 in 
synchronization with the rising edge of the normal operation clock. 
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[0066] Figure 7 is a time chart for explaining the operation of the scan test 

circuit constituted as described above. In figure 7, reference numerals 200-204 
denote scan-in data inputted to the external input terminal 12, numerals 210-215 
denote normal data on the normal data line 19, numerals 220-225 denote normal 
data on the normal data line 20, numerals 230-235 denote normal data on the normal 
data line 21, numeral 198 denotes initial data that is stored in the scan storage 
element 27 during the scan operation, and numeral 199 denotes initial data stored in 
the scan storage element 26 during the scan operation. Further, reference numerals 
300-3 13 indicate event timings. Other reference numerals denote the waveforms of 
signals at the signal lines and external terminals corresponding to those shown in 
figures 1 to 6. 

[0067] Hereinafter, the operation of the scan test circuit will be described 

with reference to figures 1-7. It is assumed that the normal operation clock inputted 
to the external input terminal 13 is six times as high as the test clock inputted to the 
external input terminal 14. Further, it is assumed that m is equal to 1, and " 1 w is 
stored in the storage elements 41,51, and 70 while "0" is stored in the storage 
elements 71, 72, 73 and the latch circuit 50, as initial values. 

[0068] When the signal from the scan selection internal signal line 16 is "0", 

the scan storage elements 25-27 are in the normal operation mode and perform the 
normal operation. That is, the scan storage elements 25-27 serve as normal storage 
elements. To be specific, in synchronization with the rising edge of the scan clock 
inputted to the scan clock signal line 17, the scan storage element 25 holds and 
outputs the normal data supplied from the normal data line 19, the scan storage 
element 26 holds and outputs the normal data supplied from the normal data line 20, 
and the scan storage element 27 holds and outputs the normal data supplied from the 
normal data line 21. 

[0069] When the signal from the scan selection internal signal line 16 is "1", 

the scan storage elements 25-27 are in the scan mode and perform the scan 
operation. That is, the scan storage elements 25-27 serve as storage elements. To 
be specific, in synchronization with the rising edge of the scan clock inputted to the 
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scan clock signal line 17, the scan storage element 25 holds and outputs the scan-in 
data supplied from the external input terminal 12, the scan storage element 26 holds 
and outputs the output data of the scan storage element 25, and the scan storage 
element 27 holds and outputs the output data of the scan storage element 26. 
[0070] At the event timing 300, the storage element 41 holds the scan 

selection external signal " 1 " and outputs it to the output signal line 42 in 
synchronization with the rising edge of the test clock. However, the initial values 
stored in the storage element 41 are not changed. At this time, the selector circuit 65 
selects the output signal line 64 because the signal from the output signal line 42 is 
"1", and the AND circuit 63 outputs the test clock to the output signal line 64 
because the scan selection external signal remains "1". Accordingly, the signal 
outputted from the scan clock signal line 1 7 becomes a test clock. 
[0071] Further, the initial values stored in the storage element 51, the storage 

elements 70-73, and the latch circuit 50 are not changed like those stored in the 
storage element 41. Accordingly, the scan selection internal signal from the scan 
selection signal line 16 remains "1", whereby the scan storage elements 25-27 go 
into the scan mode. In synchronization with the rising of the test clock, the scan 
storage element 25 holds and outputs the scan-in data 201 supplied from the external 
input terminal 12, the scan storage element 26 holds and outputs the output data 200 
of the scan storage element 25, and the scan storage element 27 holds and outputs 
the output data 199 of the scan storage element 26. The external output terminal 24 
outputs the output data 199 of the scan storage element 27. That is, the scan 
operation at the event timing 300 is scan-in and scan-out using the test clock. 
[0072] Since, at the event timing 301 , the scan selection external signal 

remains "1 " as at the event timing 300, the signal from the scan clock signal line 17 
becomes a test clock. Further, since the scan selection signal line 16 remains "1", 
the scan storage elements 25-27 go into the scan mode. In synchronization with the 
rising of the test clock, the scan storage element 25 holds and outputs the scan-in 
data 202 supplied from the external input terminal 12, the scan storage element 26 
holds and outputs the output data 201 of the scan storage element 25, and the scan 
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storage element 27 holds and outputs the output data 200 of the scan storage element 
26. The external output terminal 24 outputs the output data 200 of the scan storage 
element 27. That is, the scan operation at the event timing 301 is scan-in and scan- 
out using the test clock. 

[0073] At the event timing 302, the scan selection external signal transits to 

"0". Therefore, the AND circuit 63 outputs the signal "0" to the output signal line 
64, and maintains the scan clock at "0", which is output from the scan clock signal 
line 17 through the selector circuit 65. 

[0074] At the event timing 303, the storage element 41 holds the scan 

selection external signal "0" and outputs it to the output signal line 42 in 
synchronization with the rising of the test clock. Further, the inverter circuit 44 
receives the output signal "0" supplied from the storage element 41, and outputs the 
signal "1" to the output signal line 43. The selector circuit 65 selects the output 
signal line 62 because the signal supplied from the output signal line 42 is "0", and 
outputs the normal operation clock to the scan clock signal line 17. At this time, 
because the signal supplied from the normal operation clock mask signal line 32 is 
M 0", the AND circuit 61 masks the normal operation clock. Thereby, the signal from 
the output signal line 62 becomes "0". Accordingly, the scan clock from the scan 
clock signal line 17 remains "0". 

[0075] At the event timing 304, the storage element 70 in the m-stage shift 

register 45 holds and outputs the output signal "0" of the storage element 41 in 
synchronization with the rising edge of the normal operation clock. Further, in 
synchronization with the rising of the normal operation clock, the storage element 71 
in the (m+2)-stage shift register 46 holds and outputs the signal " 1 M supplied from 
the output signal line 43, the storage element 72 holds and outputs the output signal 
"0" of the storage element 71, and the storage element 73 holds and outputs the 
output signal f, 0 M of the storage element 72. Then, the EXNOR circuit 49 receives 
the signal "0" from the output signal line 47 and the signal "0" from the output signal 
line 48, and outputs the signal " 1 " to the output signal line 52. 
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[0076] At the event timing 305, the storage element 5 1 holds and outputs the 

inverted value "1" of the output signal "0" supplied from the latch circuit 50, in 
synchronization with the falling edge of the normal operation clock. At this time, 
because the signal supplied from the output signal line 47 is "0", the OR circuit 54 
outputs the output signal " 1 " of the storage element 5 1 to the scan selection internal 
signal line 16. However, the value of the scan selection internal signal supplied 
from the scan selection internal signal line 16 is not changed. On the other hand, the 
latch circuit 50 outputs the signal "1" supplied from the output signal line 52 to the 
normal operation clock mask signal line 32 at the falling edge of the normal 
operation clock. Thereby, the AND circuit 61 outputs the normal operation clock to 
the output signal line 62, and the selector circuit 65 outputs the signal supplied from 
the output signal line 62, to the scan clock signal line 17. Thereby, the scan clock 
supplied from the scan clock signal line 1 7 becomes the normal operation clock. 
[0077] At the event timing 306, the storage element 70 in the m-stage shift 

register 45 holds the output signal "0" of the storage element 41 and outputs it to the 
output signal line 47 in synchronization with the rising edge of the normal operation 
clock, but the stored value is not changed. Further, the storage element 71 in the 
(m+2)-stage shift register 46 holds and outputs the signal " 1" supplied from the 
output signal line 43, the storage element 72 holds and outputs the output signal "1" 
of the storage element 71, and the storage element 73 holds and outputs the output 
signal "0" of the storage element 72, in synchronization with the rising edge of the 
normal operation clock. Then the EXNOR circuit 49 receives the signal "0" 
supplied from the output signal line 47 and the signal "0" supplied from the output 
signal line 48, and outputs the signal "1" to the output signal line 52, but the stored 
value is not changed. On the other hand, since the signal on the scan selection 
internal signal line 16 is maintained at "1", the scan storage element 25 holds and 
outputs the scan-in data 203 supplied the external input terminal 12, the scan storage 
element 26 holds and outputs the output data 202 of the scan storage element 25, and 
the scan storage element 27 holds and outputs the output data 201 of the scan storage 
element 26, in synchronization with the rising of the normal operation clock inputted 
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through the scan clock signal line 17. The external output terminal 24 outputs the 
output data 201 of the scan storage element 27. That is, the final scan operation at 
the event timing 306 is scan-in and scan-out using the normal operation clock. 
[0078] At the even timing 307, the storage element 51 holds and outputs the 

inverted value "0" of the output signal "1" supplied from the latch circuit 50, in 
synchronization with the falling edge of the normal operation clock. At this time, 
since the signal on the output signal line 47 is "0", the OR circuit 54 outputs the 
output signal "0" of the storage element 51 to the scan selection internal signal line 
16. That is, the scan internal selection signal becomes "0". Therefore, the scan 
storage elements 25-27 are changed from the scan mode to the normal operation 
mode. 

[0079] At the event timing 308, the scan selection external signal transits to 

"1". Therefore, the AND circuit 63 outputs the test clock to the output signal line 
64, but the test clock does not adversely affect the scan clock outputted from the 
scan clock signal line 1 7 because the selector circuit 65 selects the output signal line 
62. On the other hand, the storage element 70 in the m-stage shift register 45 holds 
and outputs the output signal "0" of the storage element 41 in synchronization with 
the rising edge of the normal operation clock. Further, in synchronization with the 
rising edge of the normal operation clock, the storage element 71 in the (m+2)-stage 
shifter register 46 holds and outputs the signal "1" supplied from the output signal 
line 43, the storage element 72 holds and outputs the output signal "1" of the storage 
element 71, and the storage element 73 holds and outputs the output signal "1" of the 
storage element 72. Then, the EXNOR circuit 49 receives the signal "0" supplied 
from the output signal line 47 and the signal " 1 " supplied from the output signal line 
48, and outputs the signal "0" to the output signal line 52. As for the scan storage 
elements 25-27 which are switched to the normal operation mode, the scan storage 
element 25 holds and outputs the normal data 213 supplied from the normal data line 
1 9, the scan storage element 26 holds and outputs the normal data 223 supplied from 
the normal data line 20, and the scan storage element 27 holds and outputs the 
normal data 233 supplied from the normal data line 21, in synchronization with the 
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rising edge of the normal operation clock. The external output terminal 24 outputs 
the output data 233 of the scan storage element 27. That is, the normal operation at 
the event timing 308 is carried out using the normal operation clock. 
[0080] At the event timing 309, the storage element 5 1 holds and outputs the 

inverted value "0" of the output signal "1" supplied from the latch circuit 50, in 
synchronization with the falling edge of the normal operation clock. At this time, 
since the signal supplied from the output signal line 47 is "0", the OR circuit 54 
outputs the output signal "0" of the storage element 51 to the scan selection internal 
signal line 16. However, the value of the signal supplied from the scan selection 
internal signal line 16 is not changed. On the other hand, the latch circuit 50 outputs 
the signal "0" supplied from the output signal line 52, to the normal operation clock 
mask signal line 32, at the falling edge of the normal operation clock. The AND 
circuit 61 outputs the signal "0" to the output signal line 62, and masks the normal 
operation clock. 

[0081] At the event timing 310, the storage element 51 holds and outputs the 

inverted value "1" of the output signal "0" supplied from the latch circuit 50, in 
synchronization with the falling edge of the normal operation clock. Since the signal 
supplied from the output signal line 47 at this time is "0", the OR circuit 54 outputs 
the output signal "1" of the storage element 51 to the scan selection internal signal 
line 16. Therefore, the scan storage elements 25-27 are changed from the normal 
operation mode to the scan mode. On the other hand, the latch circuit 50 outputs the 
signal "0" supplied from the output signal line 52, to the normal operation clock 
mask signal line 32 at the falling edge of the normal operation clock. However, the 
value of the signal supplied from the normal operation clock mask signal line 32 is 
not changed. 

[0082] At the event timing 311, the storage element 41 holds the scan 

selection external signal " 1 11 and outputs it to the output signal line 42 in 
synchronization with the rising edge of the test clock. Further, the inverter circuit 44 
receives the output signal "1" from the storage element 41, and outputs the signal "0" 
to the output signal line 43. The selector circuit 65 selects the signal supplied from 
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the output signal line 64 and outputs it to the scan clock signal line 17 because the 
signal supplied from the output signal line 42 is "1". At this time, the AND circuit 
63 outputs the test clock to the output signal line 64 because the scan selection 
external signal is "1". Accordingly, the scan clock supplied from the scan clock 
signal line 1 7 becomes a test clock. In synchronization with the rising edge of the 
test clock, the scan storage element 25 holds and outputs the scan-in data 204 
supplied from the external input terminal 12, the scan storage element 26 holds and 
outputs the output data 213 of the scan storage element 25, and the scan storage 
element 27 holds and outputs the output data 223 of the scan storage element 26. 
The external output terminal 24 outputs the output data 223 of the scan storage 
element 27. That is, the scan operation at the event timing 3 1 1 is scan-in and scan- 
out using the test clock. 

[0083] At the event timing 312, the storage element 70 in the m-stage shift 

register 45 holds the output signal "1" of the storage element 41 and outputs it to the 
output signal line 42 in synchronization with the rising edge of the normal operation 
clock. Further, the storage element 71 in the (m+2)-stage shift register 46 holds and 
outputs the signal "0" supplied from the output signal line 43, the storage element 72 
holds and outputs the output signal "1" of the storage element 71, and the storage 
element 73 holds and outputs the output signal "1" of the storage element 72. Then, 
the EXNOR circuit 49 receives the signal "1" from the output signal line 47 and the 
signal M 1 " from the output signal line 48, and outputs the signal " 1 " to the output 
signal line 52. 

[0084] At the event timing 313, the storage element 51 holds and outputs the 

inverted value "1" of the output signal "0 M from the latch circuit 50 in 
synchronization with the falling edge of the normal operation clock. At this time, 
because the signal from the output signal line 47 is "1", the OR circuit 54 outputs the 
output signal " 1 " of the storage element 5 1 to the scan selection internal signal line 
16. As a result, the value of the signal from the scan selection internal signal line 16 
is not changed, and the scan storage elements 25 27 remain in the scan mode. On 
the other hand, the latch circuit 50 outputs the signal "1" supplied from the output 
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signal line 52, to the normal operation clock mask signal line 32 at the falling edge 
of the normal operation clock. Accordingly, the AND circuit 61 outputs the normal 
operation clock to the output signal line 62. However, the selector circuit 65 selects 
the signal from the output signal line 64 and outputs it to the scan clock signal line 
17 because the signal from the output signal line 42 is maintained at "1". 
Accordingly, the scan clock outputted from the scan clock signal line 1 7 remains as a 
test clock. 

[0085] With respect to the operation described above, the outline of the 

processing for generating a test line using the first embodiment of the invention will 
be described with reference to a flowchart shown in figure 8. 
[0086] (1) Processing at steps 800-802. 

Initially, in the scan test circuit according to the first embodiment, the 
external input terminal 14 receives the test clock, the external input terminal 13 
receives the normal operation clock, and the external input terminal 1 1 receives the 
scan selection external signal. The scan control circuit 15 switches the scan clock 
from the scan clock signal line 17 to the test clock, and generates the scan selection 
internal signal of the scan selection internal signal line 16 from the scan selection 
external signal, thereby setting the n (n=3) pieces of scan storage elements 25-27 in 
the scan mode. 

[0087] (2) Processing at step 803 

It is judged whether the scan-in data is stored in the (n-l)th scan storage 
element 26 or not. In figure 7, at the event timing 300, the result of judgement is 
"NO" because the scan-in data 201 has not yet been stored in the scan storage 
element 26, and the processing goes to step 804. 
[0088] (3) Processing at step 804 

The scan storage elements 25 and 26 hold and output the scan-in data 
inputted to the external input terminal 12, in synchronization with the rising edge of 
the test clock. 

[0089] (4) Processing at step 803 

It is judged whether the scan-in data is stored in the (n-l)th scan storage 
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element 26 or not. In figure 7, at the event timing 301, the result of judgement is 
"YES" because the scan-in data 201 is stored in the scan storage element 26, and the 
processing goes to step 805. 
[0090] (5) Processing at step 805 

In figure 7, at the event timing 302, the scan selection external signal is 
switched to the normal operation mode. However, the scan control circuit 15 
maintains the scan selection internal signal from the scan selection internal signal 
line 16 in the current scan mode. Accordingly, the n (n=3) pieces of scan storage 
elements 25-27 remain in the scan mode. 
[0091] (6) Processing at step 806 

In figure 7, at the event timing 303, the scan control circuit 15 changes the 
scan clock supplied from the scan clock signal line 17 to the normal operation clock. 
However, the scan control circuit 15 masks the normal operation clock to prevent the 
clock from entering into the n pieces of scan storage elements 25-27. 
[0092] (7) Processing at step 807 

The scan control circuit 1 5 unmasks the normal operation clock, and the n 
pieces of scan storage elements 25-27 hold and output the scan-in data supplied 
from the external input terminal 12 in synchronization with the normal operation 
clock, at the event timing 307, as shown in figure 7. 
[0093] (8) Processing at step 808 

In figure 7, at the event timing 307, the scan control circuit 15 switches the 
scan selection internal signal from the scan selection internal signal line 16 to the 
normal operation mode. 
[0094] (9) Processing at step 809 

In figure 7, at the event timing 308, the n (n=3) pieces of scan storage 
elements 25-27 hold and output the normal data in synchronization with the normal 
operation clock. At this time, the scan selection external signal is switched to the 
scan mode, but the scan control circuit 15 maintains the scan selection internal signal 
from the scan selection internal signal line 16 in the normal operation mode. 
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[0095] (10) Processing at step 8 1 0 

In figure 7, at the event timing 3 1 0, the scan control circuit 1 5 switches the 
scan selection internal signal from the scan selection internal signal line 16 to the 
scan mode. Further, at the event timing 311, the scan control circuit 15 switches the 
scan clock from the scan clock signal line 17 to the test clock. 
[0096] (1 1) Processing at step 8 1 1 

In this step, it is judged whether the processing is ended or not. When the 
scan-in data to be tested still remain, the judgement is "NO", and the processing goes 
to step 803 to repeat the above-described processing. When there remain no scan-in 
data to be tested, the judgement is "YES", and the processing goes to step 812. 
[0097] (12) Processing at step 8 1 2 

All of the normal data stored in the n (n=3) pieces of scan storage elements 
25-27 in step 809 are output to the external output terminal 24 in synchronization 
with the test clock, thereby ending the processing. 

[0098] As described above, the scan test circuit according to the first 

embodiment of the present invention is provided with the scan chain including n 
pieces of scan storage elements (n: integer, n>l), and the frequency of the first clock 
for shifting data into the first to (n-l)th scan storage elements and the frequency of 
the second clock for shifting data into the n-th scan storage element and performing 
the normal operation are independently controlled, whereby compatibility between 
the stable scan operation of inputting the shift-in data into the scan storage elements 
and the normal operation is realized, which results in effective detection of a delay 
fault as well as effective detection of a stuck-at fault. 
[Embodiment 2] 

[0099] In the scan test described for the first embodiment, the number of 

scan operations is increased by one time as compared with the conventional scan 
test. This is evident from comparison between the timing chart (figure 20) of the 
conventional scan test and the timing chart (figure 7) of the scan test according to the 
first embodiment. In the conventional scan test, as shown in figure 20, the scan 
storage elements 125-127 perform the last scan operation at the event timing 351, 
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and the scan storage elements 125-127 perform the normal operation at the event 
timing 353 after the scan selection external signal at the external input terminal 111 
is changed to "0". However, in the scan test according to the first embodiment, as 
shown in figure 7, the scan storage elements 25-27 perform the last but one scan 
operation, i.e., the (n-l)th scan operation, at the event timing 301, and the scan 
storage elements 25-27 do not yet perform the last scan operation, i.e., the n-th scan 
operation, at the event timing 353 after the scan selection external signal at the 
external input terminal 1 1 is changed to "0". The scan storage elements 25-27 
perform the last scan operation at the event timing 306. That is, when the shift-in 
data which is used in the conventional scan test is applied as it is to the scan test of 
the first embodiment, the number of scan operations increases by one. Thereby, the 
data stored in the scan storage elements 25-27 during the normal operation are 
undesirably different from the data which are stored in the scan storage elements 
125-127 in the conventional scan test. So, in this second embodiment, a desired 
circuit is added to the scan chain comprising the scan storage elements 25-27 so that 
the data stored in the scan storage elements 25-27 during the normal operation 
become the same as the data stored in the scan storage elements 125-127 in the 
conventional scan test. 

[0100] Figure 10 is a block diagram illustrating a scan test circuit according 

to the second embodiment. In figure 10, the same reference numerals as those 
shown in figure 1 denote the same parts. In figure 10, the scan test circuit according 
to the second embodiment further includes a storage element 28, and an output 
signal line 29 of the storage element 28. Other constituents are identical to those of 
the scan test circuit according to the first embodiment. 

[0101] Figure 1 1 is a time chart for explaining the operation of the scan test 

circuit constructed as described above. In figure 1 1, the same reference numerals as 
those shown in figure 7 denote the same parts. Reference numerals 400-403 denote 
normal data on the normal data line 19, numerals 410-413 denote normal data on the 
normal data line 20, numerals 420-423 denote normal data on the normal data line 
21, and numeral 180 denotes initial data that is stored in the scan storage element 25 
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during the scan operation. Further, reference numerals 360—364 denote event 
timings. Other reference numerals denote the waveforms of signals at the signal 
lines and external terminals corresponding to the reference numerals shown in 
figures 1-6 and 10. 

[0102] Hereinafter, the operation of the scan test circuit will be described 

with respect to only the data stored in the storage element 28 and the scan storage 
elements 25-27, with reference to figures 10 and 1 1 . Since the operations of other 
elements are identical to those described for the first embodiment, repeated 
description is not necessary. 

[0103] At the event timing 360, the storage element 28 holds and outputs the 

scan-in data 201 inputted to the external input terminal 12, in synchronization with 
the rising edge of the test clock. Since the scan storage elements 25-27 are in the 
scan mode at this timing, the scan storage element 25 holds and outputs the output 
data 200 of the storage element 28 in synchronization with the rising edge of the test 
clock. The scan storage element 26 holds and outputs the output data 200 of the 
storage element 25 in synchronization with the rising edge of the test clock. The 
scan storage element 27 holds and outputs the output data 199 of the scan storage 
element 26 in synchronization with the rising edge of the test clock. The external 
output terminal 24 outputs the output data 199 of the scan storage element 27. 
[0104] At the event timing 361, the storage element 28 holds and outputs the 

scan-in data 202 supplied from the external input terminal 12, in synchronization 
with the rising edge of the test clock. Since the scan storage elements 25-27 are in 
the scan mode at this timing, the scam storage element 25 holds and outputs the 
output data 201 of the storage element 28 in synchronization with the rising edge of 
the test clock. The scan storage element 26 holds and outputs the output data 200 of 
the storage element 25 in synchronization with the rising edge of the test clock. The 
scan storage element 27 holds and outputs the output data 1 80 of the scan storage 
element 26 in synchronization with the rising edge of the test clock. The external 
output terminal 24 outputs the output data 180 of the scan storage element 27. 
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[0105] At the event timing 362, the storage element 28 holds and outputs the 

scan-in data 203 in synchronization with the rising edge of the normal operation 
clock. Since the scan storage elements 25-27 are in the scan mode at this timing, the 
scan storage element 25 holds and outputs the output data 202 of the storage element 
28 in synchronization with the rising edge of the normal operation clock. The scan 
storage element 26 holds and outputs the output data 201 of the scan storage element 
25 in synchronization with the normal operation clock. The scan storage element 27 
holds and outputs the output data 200 of the scan storage element 26 in 
synchronization with the rising edge of the normal operation clock. The external 
output terminal 24 outputs the output data 200 of the scan storage element 27. At 
this time, since the scan storage elements 25-27 hold the same data as those held at 
the event timing 351 in the conventional scan test shown in figure 20, the normal 
data on the normal data lines 19-21 become equal to those at the event timing 351. 
To be specific, the normal data on the normal data line 19 is data 212, the normal 
data on the normal data line 20 is data 222, and the normal data on the normal data 
line 21 is data 232. 

[0106] At the event timing 363, the storage element 28 holds and outputs the 

scan-in data 203 in synchronization with the rising edge of the normal operation 
clock. Since the scan storage elements 25-27 are in the normal operation mode at 
this timing, the scan storage element 25 holds and outputs the normal data 212 
supplied from the normal data line 19 in synchronization with the rising edge of the 
normal operation clock. The scan storage element 26 holds and outputs the normal 
data 222 supplied from the normal data line 20 in synchronization with the rising 
edge of the normal operation clock. The scan storage element 27 holds and outputs 
the normal data 232 supplied from the normal data line 21 in synchronization with 
the rising edge of the normal operation clock. The external output terminal 24 
outputs the output data 232 of the scan storage element 27. 

[0107] At the event timing 364, the storage element 28 holds and outputs the 

scan-in data 204 inputted to the external input terminal 12, in synchronization with 
the rising edge of the test clock inputted to the external input terminal 14. Since the 
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scan storage elements 25-27 are in the scan mode at this timing, the scan storage 
element 25 holds and outputs the output data 203 of the storage element 28 in 
synchronization with the rising edge of the test clock. The scan storage element 26 
holds and outputs the output data 212 of the scan storage element 25 in 
synchronization with the rising edge of the test clock. The scan storage element 27 
holds and outputs the output data 222 of the scan storage element 26 in 
synchronization with the rising edge of the test clock. The external output terminal 
24 outputs the output data 222 of the scan storage element 27. 
[0108] According to the scan test circuit and the scan test control method 

according to the second embodiment of the present invention, the effects described 
below are obtained in addition to the effects of the first embodiment. That is, since 
additional the storage element is provided in front of the scan chain having the n 
pieces of scan storage elements, the data stored in the scan storage elements during 
the normal operation are equal to those in the conventional scan test, and the shift-in 
data used in the conventional scan test can be subjected to scan test as they are. 
Further, the detection rate of stuck-at fault in the semiconductor integrated circuit 
can be the same as that in the conventional scan test. 
[Embodiment 3] 

[0109] In the scan test circuit according to the second embodiment, since the 

data stored in the scan storage elements during the normal operation are the same as 
those in the conventional scan test, it is possible to scan-test the shift-in data in the 
conventional scan test as they are. However, when generating a scan test pattern, if 
there is a scan design protocol that the scan selection external signal supplied from 
the outside of the semiconductor integrated circuit must be the same as the scan 
selection internal signal, and the scan-in data supplied from the outside of the 
semiconductor integrated circuit and the scan-in data inputted to the scan storage 
elements must be synchronized with each other by a single clock, the scan test circuit 
according to the second embodiment is against the scan design protocol. So, in the 
scan test circuit according to the third embodiment, the scan control circuit 1 5 and 
the storage element 28 are replaced with other circuits when generating a scan test 
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pattern so that the circuit construction becomes the same as that of the conventional 
scan test circuit, thereby preventing the scan test circuit from infringing the scan 
design protocol. 

[0110] Figure 12 is a block diagram illustrating the scan test circuit 

according to the third embodiment. This scan test circuit is a circuit for generating a 
scan test pattern. In figure 12, the same reference numerals as those shown in figure 
10 denote the same parts. In figure 12, the scan test circuit includes, instead of the 
scan control circuit 15 shown in figure 10, a replacement circuit 80 which connects 
the external input terminal 1 1 receiving the scan selection external signal directly to 
the scan selection internal signal line 16, and connects the external input terminal 14 
receiving the test clock directly to the scan clock signal line 17. Further, the scan 
test circuit includes, instead of the storage element 28 shown in figure 10, a 
replacement circuit 81 which connects the external input terminal 12 receiving the 
scan-in data, directly to the output signal line 29 of the storage element 28. Other 
constituents are identical to those described for the second embodiment. 
[0111] Since the scan test circuit according to the third embodiment is 

constructed as described above, the circuit construction becomes the same as that of 
the conventional scan test circuit shown in figure 18, whereby the above-mentioned 
scan design protocol is satisfied. Accordingly, when the scan test pattern generated 
by the scan test circuit according to the third embodiment is applied to the scan test 
described for the second embodiment, the scan test operation described for the 
second embodiment can be realized without infringing the scan design protocol. 
[Embodiment 4] 

[0112] It is considerable that the scan test according to the present invention 

and the conventional scan test are carried out in the same semiconductor integrated 
circuit. For example, it is considerable that a first block in the semiconductor 
integrated circuit executes the scan test described for the second embodiment while a 
second block executes the conventional scan test. In this case, however, there is a 
problem that passing of desired data from the first block to the second block cannot 
be satisfactorily carried out during the normal operation. 
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[0113] In order to explain this problem, there is provided a scan test circuit 

shown in figure 13 in which a first block in a semiconductor integrated circuit 
executes the scan test according to the second embodiment while a second block 
executes the conventional scan test. In figure 13, the same reference numerals as 
those shown in figures 10 and 18 denote the same parts. 

[0114] In figure 13, a combination circuit 158 receives data from the output 

data line 23 of the scan storage element 26, and outputs the data to the normal data 
line 119. As for other circuit constituents, the first block is identical to figure 10, 
and the second block is identical to figure 18 except that the normal data line 1 19 is 
connected to the combination circuit 158. 

[0115] Figure 14 is a time chart for explaining the operation of the scan test 

circuit constructed as described above. In figure 14, the same reference numerals as 
those shown in figure 1 3 denote the same parts. Reference numeral 700 denote 
initial data that is stored in the scan storage element 127 in the seem operation, 
numeral 701 denotes initial data that is stored in the scan storage element 126 in the 
scan operation, numerals 702-706 denote scan-in data inputted to the external input 
terminal 1 12, numerals 708-713 denote normal data on the normal data line 119, 
numeral 75 1 denotes data stored in the scan storage element 126 during the normal 
operation, numeral 720 denotes initial data stored in the scan storage element 27 
during the scan operation, numeral 721 denotes initial data that is stored in the scan 
storage element 26 during the scan operation, numeral 722 denotes initial data that is 
stored in the scan storage element 25 during the scan operation, numerals 723-727 
denote scan-in data inputted to the external input terminal 12, numeral 730 denotes 
data that is stored in the scan storage element 25 during the normal operation, 
numeral 736 denotes data that is stored in the scan storage element 27 during the 
normal operation, and numerals 370 and 371 denote event timings. Other reference 
numerals indicate the waveforms of signals in the signal lines and external terminals 
corresponding to the reference numerals shown in figure 13. 
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[0116] Hereinafter, the operations of the normal data line 1 19, the scan 

storage element 26, and the scan storage element 125 will be described with 
reference to figures 13 and 14. Since the operations of other constituents are 
identical to those described for the prior art and the second embodiment, repeated 
description is not necessary. 

[0117] At the event timing 370, the (n-l)th scan storage element 26 is in the 

scan mode and performs the last-but-one scan operation. That is, the scan storage 
element 26 continues to hold and output the output data 723 of the scan storage 
element 25. The combination circuit 158 continues to receive the output data 723 
and output the normal data 710 to the normal data line 119. The scan storage 
element 125 in the normal operation mode holds and outputs the normal data 710 in 
synchronization with the rising edge of the test clock inputted to the external input 
terminal 14. 

[0118] At the event timing 371, the (n-l)th scan storage element 67 performs 

the last scan operation in the scan mode. That is, it holds and outputs the output data 
724 of the scan storage element 25 in synchronization with the rising edge of the 
normal operation clock at the external input terminal 13. Further, the combination 
circuit 158 receives the output data 724, and outputs the normal data 1 1 to the 
normal data line 119. 

[0119] Originally, the scan storage element 125 must hold and output the 

output data 711 in the normal operation mode. However, since the last scan 
operation timing and the normal operation timing of the first block are different from 
those of the second block, the scan storage element 125 cannot hold and output the 
output data 71 1 in the normal operation mode, but holds and outputs the output data 
710. 

[0120] So, in this fourth embodiment, a required circuit is added between the 

first and second blocks so that passing of intended data between the blocks becomes 
possible even when the scan test according to the second embodiment and the 
conventional scan test are carried out simultaneously, and a stuck-at fault between 
the blocks can be detected. 
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[0121] Figure 1 5 is a block diagram illustrating the scan test circuit 

according to the fourth embodiment. In figure 15, the same reference numerals as 
those shown in figure 13 denote the same parts. In figure 15, the scan test circuit is 
provided with a fixed data line 150, an external input terminal 151 to which scan-in 
data is inputted, a controllable scan storage element 152, an output data line 153 of 
the scan storage element 152, a monitor storage element 154, an external output 
terminal 155 for outputting the output data of the storage element 154, a selector 
circuit 156, and an output data line 157 of the selector circuit 156. 
[0122] The fixed data line 150 is a data line to be connected to an element 

that always outputs a logic value "l", such as a power supply. The selector circuit 
156 outputs the data from the output data line 23 when the scan selection internal 
signal supplied from the scan selection internal signal line 16 is "0", and outputs the 
data from the output data line 153 when the scan selection internal signal supplied 
from the scan selection internal signal line 16 is "1". Other circuit constituents are 
identical to those described with respect to figure 13. 

[0123] Figure 16 is a time chart for explaining the operation of the scan test 

circuit constructed as described above. In figure 16, the same reference numerals as 
those shown in figure 14 denote the same parts. Reference numerals 714 and 715 
denote normal data on the normal data line 119. Other reference numerals indicate 
the waveforms of signals at the signal lines and external terminals corresponding to 
those shown in figures 13 and 15. 

[0124] Hereinafter, the operations of the normal data line 119, the scan 

storage element 26, the scan storage element 125, the scan storage element 152, and 
the storage element 154 will be described with reference to figures 15 and 16. Since 
the operations of other elements are identical to those described for the prior art and 
the second embodiment, repeated description is not necessary. 

[0125] At the event timing 372, the (n-l)th scan storage element 26 performs 

the last-but-one scan operation in the scan mode. That is, the scan storage element 
26 continues to hold and output the output data 723 of the scan storage element 25. 
On the other hand, since the scan selection internal signal from the scan selection 
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internal signal line 16 is "1", the selector circuit 156 continues to output the output 
data 724 of the scan storage element 152. The combination circuit 158 receives the 
output data 724, and continues to output the normal data 711 to the normal data line 
119. Further, since the scan selection external signal inputted to the external input 
terminal 1 1 transits to "0", the scan storage element 125 is switched to the normal 
operation mode. 

[0126] At the event timing 373, the scan storage element 125 in the normal 

operation mode holds and outputs the normal data 71 1 in synchronization with the 
rising edge of the test clock inputted to the external input terminal 14. The selector 
circuit 156 outputs the output data "1" of the controllable scan storage element 152 
because the scan selection internal signal from the scan selection internal signal line 
16 is "1". The combination circuit 158 receives the output data "1" of the 
controllable scan storage element 152, and outputs the normal data 714 to the normal 
data line 119. 

[0127] At the event timing 374, the (n-l)th scan storage element 26 holds 

and outputs the output data 724 of the scan storage element 25 in the scan mode. 
The selector circuit 156 continues to output the output data "1" of the controllable 
scan storage element 152 because the scan selection internal signal from the scan 
selection internal signal line 16 is "1". The combination circuit 158 receives the 
output data "1" of the controllable scan storage element 152, and continues to output 
the normal data 714 to the normal data line 119. 

[0128] At the event timing 375, the selector circuit 156 outputs the output 

data 724 of the scan storage element 26 because the scan selection internal signal 
from the scan selection internal signal line 16 transits to "0". The combination 
circuit 158 receives the output data 724 of the scan storage element 26, and outputs 
the normal data 71 1 to the normal data line 119. However, since no clock enters into 
the scan storage element 125, the scan storage element 125 does not hold the data 
711 from the normal data line 119. 

[0129] At the event timing 376, the monitor storage element 1 54 holds the 

output data 724 of the scan storage element 26 and outputs it to the external output 
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terminal 155 in synchronization with the rising edge of the normal operation clock 
inputted to the external input terminal 13. The selector circuit 156 outputs the 
output data 735 of the scan storage element 26 because the scan selection internal 
signal from the scan selection internal signal line 16 is "0". The combination circuit 
1 58 receives the output data 735 of the scan storage element 26, and outputs the 
normal data 712 to the normal data line 119. On the other hand, since the scan 
selection external signal inputted to the external input terminal 1 1 transits to "1", the 
scan storage element 125 is switched to the scan mode. 

[0130] As described above, according to the scan test circuit and the scan test 

control method of the fourth embodiment, the controllable scan storage element, the 
monitor storage element, and the selector circuit are provided between the first block 
executing the scan test of the second embodiment and the second block executing 
the conventional scan test, thereby enabling passing of desired data between the first 
block and the second block. Further, in the normal operation path between the first 
block and the second block, which comprises the output data line 23, the output data 
line 157, the combination circuit 158, and the normal data line 119, stuck-at faults in 
the output data line 157, the combination circuit 158, and the normal data line 119 
are detected at the event timing 373, and a stuck-at fault in the output data line 23 is 
detected at the event timing 376. That is, stuck-at faults between the first block and 
the second block can also be detected. 

[0131] While in this fourth embodiment a stuck-at fault is detected from the 

output data line 23 of the scan storage element 26 which is an operation path 
between the first and second blocks, the present invention is not restricted thereto. A 
stuck-at fault in the output data line of another storage element in the first block may 
be detected. 
[Embodiment 5] 

[0132] In the fourth embodiment of the invention, the selector circuit 156 

exists in the first path between the scan storage element 1 52 and the scan storage 
element 125 and in the second path between the scan storage element 26 and the 
storage element 154. Therefore, a scan test pattern can be generated for only one of 
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the first path and the second path. So, in this fifth embodiment, the selector circuit 
156 is replaced with another circuit when generating a scan test pattern, whereby 
scan test patterns can be generated for both of the first path and the second path. 
[0133] Figure 17 is a block diagram illustrating a replacement circuit that is 

included in the scan test circuit according to the fifth embodiment, instead of the 
selector circuit 156 shown in figure 15. In figure 17, the same reference numerals as 
those shown in figure 1 5 denote the same parts. In the replacement circuit 82 that is 
provided instead of the selector circuit 156, the output data line 23 is connected to 
the output data line 157, and the output data line 153 is connected to the normal data 
input terminal of the storage element 154. 

[0134] Since the scan test circuit according to the fifth embodiment is 

constituted as described above, when the scan test pattern that is generated in the 
scan test circuit of the fifth embodiment is applied to the scan test according to the 
fourth embodiment, the scan test operation described for the fourth embodiment is 
realized. 

[0135] In the above-mentioned embodiments of the present invention, the 

scan selection internal signal is generated, data is shifted in the n-th scan storage 
element, and the normal operation clock for performing the normal operation is 
generated. Therefore, the normal operation clock mask signal is generated in the 
scan selection internal signal generation circuit having the m-stage (m=l) shift 
register 45 and the (m+2)-stage shift register 46 as shown in figure 3. However, the 
generation timing of the normal operation clock mask signal may be changed by 
constituting an m-stage shift register in which the m is an integer larger than 1 
(m>l), thereby changing the generation timing of the scan selection internal signal 
and the generation timing of the normal operation clock for shifting data in the n-th 
scan storage element and performing the normal operation. 

[0136] Further, the constructions of the inverter circuit 44, the m-stage shift 

register 45 (m: integer, m>0), the (m+2)-stage shift register 46, and the EXNOR 
circuit 49 may be modified as shown in figure 9. That is, in figure 9, the output 
signals of plural EXNOR circuits are selectable by a selector circuit, whereby plural 
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generation timings of the normal operation clock can be selected without changing 
the number of stages of the shift register. As a result, it is possible to arbitrarily 
select the generation timing of the scan selection internal signal and the generation 
timing of the normal operation clock for shifting data in the n-th scan storage 
element and performing the normal operation. 

[0137] Further, in the above-mentioned embodiments, the shift-in data, 

normal operation clock, test clock, and scan selection external signal are supplied 
from the outside of the semiconductor integrated circuit. However, the shift-in data, 
normal operation clock, test clock, and scan selection external signal, which are 
generated in the semiconductor integrated circuit, may be input to the scan test 
circuit of the present invention. 

[0138] Further, in the fourth embodiment of the present invention, one 

monitor storage element is prepared for one inter-block normal operation path. 
However, when plural inter-block normal operation paths are provided, output data 
lines of plural selector circuits may be bundled using an AND circuit or the like so 
that data from the data lines are input to a monitor storage element between arbitrary 
blocks, whereby the number of monitor storage elements can be decreased. 
[0139] The scan test control method and the scan test circuit according to the 

present invention are suitable for detecting a stuck-at fault and a delay fault in a 
semiconductor integrated circuit. 



